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ABSTRACT 

A aummary la presented of a aeries of 
recent studies that address commuter airplane 
propulsion opportunities in the 1990-2000 
timeframe. Consideration is given to 
advanced technology conventional turboprop 
engines, advanced propellers, and several 
unconventional alternatives: regenerative 

turboprops, rotaries, and diesels. Advanced 
versione of conventional turboprops 
(including propellers) offer 15-20 percent 
savings in fuel and 10-15 percent in DOC 
compared to the new crop of 1500-2000 SHP 
engines currently in development. Unconven- 
tional engines could boost the fuel savings 
to 30-40 percent. The conclusion is that 
several important opportunities exist and 
therefore powerplant technology need not 
plateau. 


AN IMPORTANT PART OF COMMUTER AVIATION 
PROGRESS is the role played by powerplants. 
Prior to 1964, commuter aircraft were compar- 
atively small airplanes designed for general 
aviation applications and powered by recipro- 
cating engines. Then in 1964-65 the newly 
developed small turboprop engines, the 
Garrett TPE 331, and the Pratt & l^itney 
Canad/>. PT6 went into production and helped 
spawn a revolutionary trend in commuter air- 
plane design and operations (e.g., Beech 99 
and DeHavilland Twin Otter). As time prog- 
ressed these early models grew into families 
of engines that now covur the 600-1300 SHP 
power spectrum and competitive engines such 
as the Allison 230-B17B and the Avco LTP 101 
appeared. Today, almost two decades later, 
these same engines still denominate the com- 
muter marketplace. During the same timespan, 
meanwhile, the much larger commercial turbine 
engines underwent considerably more change 
culminating in the high-bypass ratio turbo- 
fans ; nt have 40-45 percent cruise thermal 
efficiencies compared to about 25% for ♦"i^eir 
smaller turboprop counterparts. 

However, that situation is about to 
change since several new second generation 
commuter turboprops are now in the final 


stages of development: the Pratt 6 Whitney 

Canada 100 series, the General Electric CT7, 
and the Garrett TPE 331-15. These new 1500- 
2000 SHP engines will enter service in the 
19S3-1965 timeframe and will be 15-20 percent 
more efficient than their predecessors. This 
improved efficiency together with estimated 
major reductions in maintenance cost stemming 
from modular construction designs should 
reduce airplane direct operating cost (DOC) 
about 12 percent (fig. 1). Since the dura- 
tion of each new engine generation follows a 
10-20 year pattern and since it takes about 
10 years to develop a new engine, it seems 
appropriate to now inquire about third gene- 
ration possibilities — both in terms of poten- 
tial benefits and also in terms of required 
technological progress. 

To address such issues, NASA sponsored a 
series of future propulsion opportunity 
studies as part of a broader effort to 
provide guidance for future activities in the 
disciplines of airframe structures, aerody- 
namics, and subsystems as well as propul- 
8ion(l-3)*. The initial propulsion studies 
focused on advanced conventional type turbo- 
props and were conducted by Detroit Diesel 
AlHson(6), General Electric(7), and the 
Garrett Turbine Engine Company ( 6} • Common 
groundrules were established (Table 1) that 
recognized the upward trend in airplane size, 
the need for passenger comfort levels 
approaching B-737 levels, and the need for 
air traffic compatibility with commercial 
airliners at airport terminals. 

INFLUENCE OF PROPULSION PARAMETERS ON OPER- 
ATING COSTS 

In order to gain an appreciation of the 
relative impact of the various propulsion 
system parameters on airplane economics, a 
typical DOC breakdown is displayed in figure 
2. Overall, the powerplant directly impacts 
about 60 percent of DOC which certainly 
qualifies it as a target for future improve- 
ment effort. Specifically, the engine and 
propeller efficiencies are of primary impor- 
tance due to the large role played by fuel. 
Improvements in powerplant weight or cost 
would need to be an order of magnitude larger 

^Numbers in parenthesis designate References 
at end of paper 



than efficiancy inprovaMnt to yiald idtnti- 
cal DOC raduction. Bngina ttaintananca ia 
ahown to ba about 1/4 aa inportant at affi- 
ciancy; hovava;, tha trua inpact of nainta- 
nanca ia la*«tar ainca achadula intarruption 
and loaa of ravanua ara of tan involvad whan*^ 
avar unachadulad naintananca occur a • 

ADVANCED OONVBNTIONAL TURBOPROP P 0 VBRPUNT 8 

tha thraa angina conpaniaa invaatigatad 
tachnologiaa appropriata for a convantional 
typa of turboprop that, if purauad, could ba 
raady for connarcial davalopmant by 1988# 
Snginaa uaing auch tachnology could not antar 
aarvica tharafora until tha aarly 1990'a# Aa 
a group, tha thraa atudiaa conaidaad angina 
aiiaa ranging from 1500 SHP, for a 30*paa- 
aangar, Hach 0.45 twin-angina airplana, to 
4800 SHP for a 50-paaaangar, Hach 0#70 twin- 
angina airplana daaignad ^or aaacutiva trana- 
port application in addi' .on to conanutar 
aarvica# 

TECUNOLOGY-Candidata . mponant improva- 
manta wara idantifiad in avary major araa: 
compraaaora, turbinaa, combuatora, control a, 
gaarboxaa, ahafta, baaring and aaala, and 
accaaaoriaa# Changaa in component affician- 
ciaa, weight a, coat a, and maintenance were 
aatimatad for each improvamant concept# 
thaaa changea were than u'^ed to calculate a 
nat changa in DOC tor aach candidate evalu- 
ated# 

The tachnology atudiaa uaad DOC aa the 
main diacrirainator in acreening the many 
candidate improvement ideaa ainca it ia a 
univeraally accepted economic criterion and 
ia influenced by all of tha predictable 
changea# While thir procedure ia generally 
aatiafac tory , aome potential component 
improvementa are not amenable to auch logic# 
In some caaea the important benefit ia not 
associated with the particular component 
under consideration, but in other components 
receiving synergistic benefits. For example, 
a small diameter composite metal shaft by 
itself hardly alters DOC at all. But because 
turbine disk bore diameters are also reduced, 
disk stress levels are lowered and this 
enables the higher turbomachinery rotating 
speed capability required for higher effi- 
ciency and fewer stages. 

Since each company has its own component 
design philosophy and its own level of tech- 
nology, it is not surprising that the three 
teams identified different specific technol- 
ogy elements to achieve improvement. To 
illustrate this point consider compressor 
technology. General Electric identified a 3 
percent potential efficiency improvement over 
their CT7-5 axi-centrifugal compressor while 
maintaining Che same 17:1 overall pressure 
ratio and reducing the number of axial stages 
from 5 to 3# This could be accomplished by 
combining four distinct technologies (figs. 
3-4): 

1 . Highly loaded axial stages using 
customised airfo^H 


2# Split-blade centrifugal impel lera 
3# tow-loaa diffusers 
4. Fart -speed stall margin reduction 
Advanced three-d imeneional , high-speed 
blade design techniquee could provide the 
capability of accurataly ganerating cuetom- 
isad airfoila tailored to the specific flow 
conditions experienced by each blade row. 
Applying thaae techniquea to low aspect ratio 
axial bladas would increase overall compres- 
aor efffciancy by one point and permit three 
•tages to do the Job of five. In the aplic- 
blade impeller concept, the centrifugal stage 
ie split into a aaparately hladed inducer 
aaction and an impeller section. Thie per- 
mits the inducer section to handle the tran- 
sonic flow more efficiently than a conven- 
tional continuous impeller blade by accommo- 
dating higher epanwiee twist gradients to 
better control both the blade loading and the 
passage throat contour to avoid choking. 
Higher inlet Hach numbers are permissible 
without causing separation on the suction 
side of the blades. In addition, a fresh 
boundary layer is initiated by the impeller 
leading edge. Tl\e successful execution of 
this concept depends upon the development cf 
three-dimensional, viscous flow analysis 
computational methods not yet available. A 
one to two point centrifugal stage efficiency 
improvement ie possible. 

The CT7-5 diffuser dumps low-speed com- 
pressor discharge air into a plenum, deswirls 
it, then discharges it into the combustor# 

An advanced diffuser could avoid the initial 
dump pressure loss by controlling the passage 
contours to deswirl the flow as it negotiates 
the radial-to-anial turn# This could 
increase the centrifugal stage efficiency one 
point# An additional one point may be 
achievable by reducing the diffuser throat 
blockage with wall bleed. These two sub- 
elements co#ild contribute a total of two 
points to centrifugal stage efficiency 
(equivalent to one point overall axi-centri- 
fugal efficiency). Another concept to 
increase compressor efficiency (by 0.5 point) 
is Che exploitation of digital electronic 
control system technology by adding a com- 
pressor discharge Mach number (M 3 ) sensor 
to schedule acceleration fuel as a functic.. 
of M 3 on a closed- loop basis. The improved 
transient behavior could reduce the required 
surge margin allowance and ultimately permit 
higher compressor efiiciencies in th<^ high 
speed operating range (fig. 4). 

Detroit Diesel Allison's compressor eval- 
uation also showed improved component per- 
formance ( 'v 4 percent) relative to their PD 
370-37 baseline (a turboprop version of the 
T701 ) • Items identified include: 

1 . Passive clearance control to reduce 
blade tip clearances by 15 percent ( 1.1 
percent DOC reduction) 

2# Ability to predict compressor 
rotor/case response during rotating stall to 
reduce tip clearances and reduce the number 
of stages or eliminate a bearing and its 
support structure (-1.3% DOC). 
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3. Hybrid rotor using HIP 

bonding to attach a cast rim with bladaa to a 
forgad hub which parmita highar tip apaada 
(-0.2W DOC), 

Oar rat t propoaaa tha uaa of powdarad 
natal titaniun for cantrifugal impallara to 
raduca coat 23“40 percent without conpro-* 
niaing weight or parfonaance, Garrett alao 
propoaea a comprehena ive parametric invaati" 
gat ion of tip treatment configurations (a.g,, 
slots) with tha goal of improving compressor 
efficiency two points. 

Hie above aiiamples illustrate the diver- 
sity of ideas that surfaced during the course 
of these studies. A composite summary of 
most of the reconsnended concepts is presented 
in figure 5. Compressor efficiency could be 
incri^ased 2-4 percent, turbine efficiencies 
increased 1-2 percent, combustor durability 
doubled, gearbox efficiency increased 1/2 
percent and cost reduced, nacelle weight 
reduced 2 % percent , and so forth. None of 
the turbomachinery technologiea (gearbox, 
propeller and nacelle excluded) individually 
yialda large DOC benefits, but collectively 
they could lower DOC by 5-6 percent and fuel 
conatmption 6-9 percent relative to the new 
1963 engines. Full descriptions of all of 
the advanced concepts and features are con- 
tained in references 6-6, 

ENGINE CYCLES AND OONFICUKAT 10 NS- Various 
engine configurations were considered such as 
single shaft, free turbine with single or 
dual -spool cores, and boosted versions of the 
simple free turbine layout* In addition, 
different staging arrangements were also 
invest igaterl including single and dual stage 
centrifugal, axi-cent rif ugal , and all-axial 
compreaaors, and one- or two-stage high pres- 
sure turbines. Hie screening of these 
options wa'i generally carried out at the same 
lime cycle temperature and pressure levels 
were selected since these parameters are 
interrelated. H\e overall procedure was 
carried out using projected advanced compo- 
nent characteristics including maintenance 
cost, acquisition cost, sixe and weight as 
well as perfi' nuance since DOC was the main 
selection criterion, 

Representative results are shown in 
figure 6 which shows that compressor pressure 
ratios in the neighborhood of 20 are optimum 
and design turbine rotor inlet temperatures 
of 2230-2400OF are best considering tech- 
nical risk as well as DOC. Since SFC has 
more impact on DOC than any other parameter. 
Chose plots nearly replicate those of the 
usual SFC versus pressure ratio type. How- 
ever, wherofta a two-stage high pressure tur- 
bine (MPT) is optimum using HFC as the crite- 
rion, a one-stage HPT shows up optimum on the 
DOC plot due to the savings in initial cost 
and maintenance cost* Hiis result was 
reported by both General Electric and Garrett 
who limited pressure ratio to 17, But 
Allison dropped the one-stage HPT because the 
high equivalent stage work (44 BTU/lb) and 
expansion ratio (5,3) required to power the 
20:1 pressure ratio single-spool compressor 


they selected is too far beyond the current 
■tste-of-the-srt to obtain favorable effi- 
ciency compared to a more lightly loaded 
two-atage core turbine. 

The turbomachinery configurations and 
cycles selected for Che advanced engines are 
show in figure 7, All are conventional free 
turbine conHgurationa with the sole excep- 
tion of GE*a boosted free turbine configura- 
tion for their larger engine. In this case, 
GE opted for more pressure ratio (20:1) with- 
out requiring a second HPT stage (17:1 
requires an expansion ratio of 4,2 which is 
about the upper limit for a one-stage HPT). 
Hie only all-axial compressor is Allison's 
4B00 SHP design which was reported to improve 
compression efficiency 2 percent at this aiae 
compared to an axi-centri fugal , Garrett's 
baseline choice was a 16.1 pressure ratio 
two-atage centrifugal compressor. But they 
also concluded that a 70:1 axi-centri fugal 
would dr even better (I percent lower DOC) 
although it would require considerably more 
development effort, 

ADVANCED ENGINE CKAHACTERISTICS-Figure 8 
ahowa one of General Electric '• proposed 
engines scaled to the identical power as the 
CT7-5 baseline. It would be 14 percent more 
efficient, ll percent lighter, 12 percent 
less expensive to manufacture, and 17 percent 
less expenaive to maintain than the CT7, The 
Allison and Garrett engine improvements are 
rather similar relative to the same baaeline 
(fig, 9), although tliey were actually quoted 
relative to a scaled T701 and a scaled TPE 
331-11, respectively. Wliereas a significant 
portion of the second generation improvement 
over the first generation arises from better 
cycles (e.g,, 14-I7il pressure ratio vs, 
10:1), most of the proposed third gone rat ion 
gains stem from component performance 
increases rather than cycle improvement. 

Hi is reflects the difficulty in obtaining 
high component performance from the smaller 
airfoils associated with higher cyc^e pres- 
sure ratio. Engine maintenance costs are 
projected to be better as a result of 
improved reliability components , on-condition 
instead of scheduled overhauls, and condition 
monitoring 8ystems--a I though much of these 
improvement 8 are also planned for the second 
generation (fig. 10), 

PROPELLER TECHNOLOGV-Hie smaller commuter 
aircraft use general aviation type propellers 
which are relatively simple and low perform- 
ance compared to the more sophisticated 
technology employed in the larger commuter 
airplanes. The low cost propellers are 
typically constructed with solid aluminum 
blades having circular shanks which contri- 
butes to low performance and high weight. 

The more sophisticated propellers, on the 
other hand, utilise such weight-saving con- 
struction tccimiquifts as aluminum spar-fiber- 
glass she I blades and such performance 
improvomonc » as airfoil shanks , advanced 
airfoils, and low activity factors. 
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INetpiic ih« hit^ ptrfoivafict ltv«ls cur*^ 
rtnily available or in davclopMent (0.67 
crutac tfficiancy) » rccanC tachnology aiudiat 
by Haaillon-Standardt llie HcCaulay Oiviiioii 
oi Caaanai and INirdua Univarailyi^-lO) have 
idantifitd iapo riant (urthar opportuniiiaa 
(fig. ll). Proplata or bi-bladta could 
incraaai efficiency nearly 2 percent through 
reduced tip loaaea* Mvanced euiteriala could 
reduce fuel conauaption about I percent 
through direct blade ueight aavinga and oven 
•ore indirectly* The indirect benefit ariaea 
frpa the ability to uae nore bladea uhile 
•aintaining aufficient blade retention 
atrength in the thinner root aectiona* thia 
pereiita nore efficient# lightly loaded bladea 
with activity factora about 70 conpared to 
currently I ini ting valuea of 90-95 that would 
be conatnicted, for exanplc# with a ateel or 
netal natrix apar with a Kevlar or graphite 
ahcll. Ihe ahell could be load-aharing # 
unlike current deaigna# and the blade ape- 
cially tailored to avoid aeroelaatic flutter 
problena at high propeller apeeda. 

Another attractive concept ia aynchro- 
phaaing the left and right propel lera to 
within a technically challenging one degree 
in phaae angle. Experinental evidence indi- 
catea that an 8 dB noiae reduction potential 
cniati for preciiion aynchrophaiing which 
could eliminate large fuaelage acouatic 
weight penal tiea for typical wing-mounted 
engine conf igurationa (800^ lb. aavinga for 
30-paaaenger# Mach 0.A5 airplanea with B-737 
cabin noiae level) • 

Theae advanced propeller concepta could 
reduce fuel burned ubout S percent relative 
to the beat of today U propel lera aaauming Vio 
preciaion aynchrophaaing weight aaving or 7 
percent including it. Hie correaponding DOC 
benefit# are 3 percent and 6 percent, reapec- 
tively (fig. 12). 

OVERALL POWERPUNT BENEFITS-Hie value of 
uaing advanced technology waa eatablvahed by 
hypothetically inatalling auch powerplanta in 
30- and 50- paaaenger aircraft reaised to 
accompliah a fixed miaaion and comparing the 
reaulta with aimilarly flown exiating and 
mid-l9S0^a enginea (fig. 13). Hie combined 
DOG benefit including engine, gearbox, pro- 
peller, and nacelle imptovementa ia eatiroated 
to be 9-13 percent relative to the aecond 
generation powerplanta now in development. 

The correaponding fuel aaving ia 15-19 per- 
cent (fig. 14). 

UNOONVENTIONAL ENGINES 

Hie foregoing conventional engine oppor- 
tunitiea offer aignif leant benefit potential 
yet are fomewhat reatricted in acope when 
viewed from a totally open perapective. 

Since engine efficiency exerta auch a power- 
ful influence on airplane DOC, it ia logical 
to extend the inveatigation to include fur- 
ther out fuel saving technologies auch a a 
regenerative turbine enginea and advanced 
intermittent combustion enginea. Interest in 
such enginea has been almost non-eKistent for 


coMauter applicaiiona yet recently completed 
ana ly tea offer evidence that they ought to be 
taken more aerioualy. 

TURBINE ENGINES-Hie present state of 
propulaion technology for low-powered air- 
craft ia depicted in figure 15* Turbine 
engines are the preferred type of powerplant 
but their efficiency worsens as site ia 
reduced. H^ia adverse trend eventualiy 
becomes so severe that below 400 SHR piston 
enginea are nore coffipetiti*'e--part ly due to 
their higher efficiency and partly because 
they coat 1/3 as much as similar sited tur- 
bine enginea. Even in the 1300-5000 SlU* 
category, though, turbine engines are 1/3 
leas efficient than their large commercial 
counterparts. The fundamental reason for the 
poorer small engine efficiencies la the prac- 
tical site limit (about 1/2 inch) of small 
turbomachinery airfoils. Hiia limit ia set 
partly by our inability to manufacture very 
small bladea with the necesaary accuracy in 
airfoil profile, blade angle aetting, and 
intricate cooling networks, and partly by 
adverse aerodynamic scaling effects such as 
disproportionately high tip clearances and 
low Reynolds number surface roughneas loss. 
Together with material temperature limits, 
theae constraint a limit cycle pressure ratios 
and turbine inlet temperaturea to relatively 
modest valuea (fig. 16). 

Besides striving to increase component 
efficiencies, at least two other proache a 

are apparent (fig. 17) to mitigate theae 
amall engine liriita. One is to substantially 
eliminate the material temperature limit and 
the associated turbine cooling penalties. 

Thia might be achievaHi?! with advanced cera- 
mic technology or met^l matrix composite 
technology. Efforts have already started in 
thia direction in the government sponsored 
ceramic automotive engine programa(ll) . To 
be sure, thia approach ia quite risky since 
the technology ia immature and the component 
reliability problems are very challenging 
indeed. But success could raise turbine 
temperature levels 300-400*^F and would 
eaaentially eliminate the turbine cooling 
penalties. 

Hie other approach is to partially 
recover the waste heat in the exhaust flow by 
transferring it to the combustor inlet air* 
f low--regeneration. Regenerative cycles 
obtain high efficiency without the need of 
high compressor pressure ratios (values near 
V5 are usually optimum). Renee, theae cycles 
are especially attractive in small engine 
size a. Recent Army sponsored studies (12) at 
500 SMP show efficiency gains of 10-20 per- 
cent compared to the simple turboshaft cycle, 
while other military studies involving 5000 
SHP enginea show only 5-7 percent gain. Hie 
main drawback of regeneration is the extra 
Weight required by the heat exchanger system 
which is variously estimated at 30-50 percent 
of the simple cycle weight. The technical 
challenge ia to manufacture the heat 
exchanger compactly and leak-free, and to 
survive the corrosive environment and thermal 
a tresses induced by engine on-off cycling* 





&«ch of th«tt «ppro*ch«», if appliod Co 
coMuCtr tisod powtrpUnCti could incroMt 
•nginc efficiency etiouc 17 percent etiove 
cospereble technology conventionel engine# 
(fig. IS). If both cerenic end regeneretive 
technologic# were u#ed together, #ub#ten-* 
tielly higher gein# ere pooeible*-**## much e# 
40 percent beyond en advenced conventionel 
cycle, for e total gain of 55 percent beyond 
the new crop of mid'-I^BO'a turbopropa. The 
ri#k and reaourcea required to e#tabli#h the 
technology ia, however, comeneurate with the 
potential benefit#. 

INTBHMITTBHT OOMtSUSTXON gNOlNSS-Ketumiiig 
to figure 15, it i# clear that current piaton 
engine are not well cuited to conauter appli- 
cation# principally becauae they are too 
heavy. They alao vibrate more than turbine#, 
are noiaier, bulkier, require more mainte- 
nance and require avga# — a supply and price 
vulnerable apecial fuel. Yet all of theae 
shortcoming# can be overcome if different 
mechanical configuration# and advanced inter- 
mittent combuation technologie# are succeae- 
fully pursued. The key to lower weight lie# 
in Ught-veight configuration# (i.e., rotary 
or 2-#troke, radial dieael) accompanied by 
increased BMEP and EFt). Theae In turn 
require high apeed, high preaaure fuel injec- 
tion and ignition technology, advanced turbo- 
charger technology, and low-friction eliding 
• eel ayatem#. HuUifuel capability requires 
stratified charge combuation ayatema. Higher 
efficiency can alao be aought-^^ainly by 
recovering waate heat via turbocompounding 
and heat insulated or adiabatic atructurea 
(fig. 19). 

Rotary and dieael engine# have been 
defined that incorporate two level# of such 
advanced technology (fig. 20 ). Xi\e 
^'advanced** veraiona imply a technology read- 
iness date in the late 1980*# aaavtming suffi- 
cient reaourcea whereas the *’ve;y advanced** 
veraiona incorporate further step# such aa 
lighter materials, adiabatic structures, high 
temperature lubrication, and noncontact ing 
apeK seals or piston rings (fig* 21). Addi- 
tional description of these engines and their 
technologies ia contained iti reference 13 and 
14. 

BENEFITS- Tl\e efficiency and weight char- 
acteristics of theae hypothetical powerplanta 
are summarised in figures 22 and 23. Perhaps 
the moat interesting observation is that the 
intermittent combuation typeo continue to 
look attractive on an efficiency basis even 
out to 2500 SHP or beyond and their weights, 
although heevier than turbine engines, are 
not so high at to automatically rule them 
out. To determine the net effect of these 
better efficiencies and weights, preliminary 
airplane siting and fuel burned calculations 
were carried out using a modi^U«d version of 
the GASP computer progrem(15) and the 30-pas- 
senger, Mach 0.45 airplane groundmles 
defined earlier. 

‘Ihe results ere depicted in figure 24 
which ehows how fuel burned varies with 
cruise BSFC end engine specific weight. 


Spotted on thia parametric plot are the 
potential value# for each of the pravioualy 
diacuaaed powarplanta. Saiative to tha mid- 
1980* a naw angina#, an advanced eonvantional 
cycla turboprop could aava 10-20 parcant in 
fual not including advanced propat lara or 
nacallaa. Tha unconventional angina fuel 
aavinga are conaiderably greacar— aa much aa 
30-35 parcant lor the rotaiy, dieeal, and 
reganarative turboprop., and 40 parcant for a 
ceramic, intercoolad version ot the regenere- 
cive turboprop. Gain# of thia magnitude 
clearly rapraaant quantum improvamanta and go 
beyond the cuetomary evolutionary trend. Of 
coutee, tha particular valuea aaeignad to tha 
varioue candidates are subject to uncertainty 
due to the inherent technical risk with auch 
concepts. If neceesery, this plot can be 
used to quickly redeteraine the fuel benefits 
for alternative engine eeeumptione. 

The reaulte juet quoted epply to engine# 
in the 1500 SHP class. For smaller engine 
eiaes the unconventional engine benefits 
would be eomewhet greeter end for larger 
engines juet the reverse is true (fig. 25). 
This trend occurs because the mein fuel 
driver is 8FC and the 8FC advantage of the 
unconventional engines decreases with sise 
(since the conventional turboprop becomee 
more efficient in larger siaee). 

ON-OaiNG ACTIVITIES 

Current commuter powerplent activity ia 
focused on the development of the 1500-2000 
SHP class of second generation engines, gear- 
boxes, end propellers(l6-20) • Limited basic 
teseerch activities continue on the more 
advanced technologies uiscussed previously. 

At NASA*# Lewis Research Center, for example, 
generic effort# ere underway to gein the 
necessary knowlev'ge required to raise per- 
formance levels of smell turbine engine com- 
ponents (fig. 26). These efforts include 
advanced computet ionel modeling, experimental 
rig tearing to verify end calibrate the ana- 
lytic models, end the investigation of novel 
concepts such as those identified earlier. 
Industry is also researching some of these 
concepts (fig. 27). However, most of the 
government and industry efforts ere quite 
modest at preeent end e comprehensive 
advanced technology program is not in piece. 
Similarly, e small amount of basic research 
in intemittent combustion type aviation 
engines is in progress(l4). 

CONCLUDING K^IARKS 

Tltt principal message to be gleaned from 
theae studies is that several very important 
propulsion opportunities still exist for 
commuter air trensportetion. Powerplent 
technology haa not been brought to a plateau 
•tatua or even e diminiahing return etetuc. 
Instead we have arrived at e technological 
crossroad. We may choose to continue down 
the evolutionary path with its 9-13 percent 
DCX: reward over the second generation power- 
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ihAt «r« now nearly raady (or produc* 
lion. Or itay chooaa to accapi a »uch 
largar challanga in purauit of a i»icb larstr 
rawan). Itiia would rat|uira a cosprahanaiva 
rataarch affort addraaaing both tha convan* 
tional and unconvantional tachnologiaa. 

Tha rathar aurpriaing coapat it ivanaaa of 
tht intanaittant typa anginaa in auch large 
power aiaaa ia bound to be viewed auapi- 
cioualy. Actually tha iaaua ia not ao auch 
the efficiency or weight aatiiaataa that auy 
be queationad aa it ia the aacondary charac*- 
tariatica auch aa raliability, aaintananca . 
and vibration. Theaa aacondary charactaria** 
iica have not bean addraaaad in depth and 
probably cannot be within a purely analytic 
franework. 

Theaa atudiaa have provided infonaation 
to help guide future technology activitiaa. 
Since all of the alternative angina typaa 
appear attract ive^ it would be pr^vatura to 
eliminate any of them from coo' ant at thia 
early ataga. 

HEPKakNCKS 

1. L. J. WilUama and T. L. (klloway» 
**Daaign for Suparcomnutara Aatronautica and 
Aeronautical Vo I. 19» No. 2» February 19SI| 
pp. 20-23| 26-30. 

2. C.Adcocki C. Covaraton, and B. 
knapton, “Application of Advanced Technolo- 
giea to Small* Short-Haul Air Tranaport a |“ 
General Dynamica. Convair Div. * San Diego, 
Calif. I September 19B0. (NASA CB- 1 1^2364. ) 

3* T. C. Gouaaena and H. H. IViUia* 
“Application of Ativanced Technologiea to 
Small I Short-Haul Tranaport Aircraft/* 
Lockhaed-Cal if ornia Co.* Burbank* Calif.* 
LR-29450* July 1980. ( NASA CR-l 5 2363. ) 

4. C. Kraua* “Small Tranaport Aircraft 
Ttchnology ,** Ceaana Aircraft Co.* NASA 
CB-'l32362 (final report in review). 

b, P. P. Rente and J E. Terry* **Applica- 
tion of Advanced Technologiee to Derivativee 
of Current Smell Transport Aircraft*** Beech 
Aircraft Corp«* Wichita, Kane.* July 1961. 
(NASA CR-166197.) 

6. J. C. Gill* R. V. Earle* D. V. Staton* 
P. C. Stolp, D. Huelatar, and B. A. Zolecti* 
“Propulsion Study for Small Tranaport Air- 
craft Technology (STAT)*“ Detroit Diesel 
Alliaon, Indianapol ia, Ind.* DDA-EDR-1047Q* 
December 1980. (NASA CR-163499. ) 

7. C. E. Smith* R. Hirachkron* and R. E. 
Warren* **Propulaion Syetom Study for Small 
Tranaport Aircraft Technology (STAT),*' Gen- 
eral Electric Co., Lynn* Masa.* R80AE(H)68* 

May 1901. (NASA CR-163330.) 

8. C. F. Baerat * et. al.* “Small Trana- 
port Aircraft Technology (STAT), Garrett 
Turbine Engine Company, NASA CR-165610, May 
1982. 

9. J. P. Sullivan, L. K. Chang, and C. J. 
Miller, **1116 Effect of Propleta and Bi-Bladea 
on the Pr/'^f ormance and Noiae of Propellera*** 
SAE p«iper i<o. 610600* April 1981. 

10. 1. D. Keiter* “Impact of Advanced 
Propeller technology on Aircraft /Miaaion 
Character! at ica of Several General Aviation 
Aircraft*** SAE paper No. 810384, April 1981. 


11. J. A. Byrd I “Ceramic Applicationa in 
Turbine Enginea,*' AlAA-82-l 168, June IV82. 

12. A. B. Eealerling, “A Comparative 
Study of Simple, Segeneretive, end Variable 
Capacity Cyclee for Caa Turbine Bnginea, 

“Army Aviation Reaeerch end Develo^mnt Com- 
mend, gt. Uouia. MO., UgAAVSADCOM-tS-Sl-D-l, 
October 19S0. 

11. A. P. Srouwera, “Lightweight Dieael 
Engine Deaigna for Commuter Typo Aircraft," 
Teledyne Continental Motors, Muskegon, Mich. 
SEPT-995, July 19SI. (NASA CS-165470.) 

14. E. A. Willia, "Development Potential 
of Intermittent Combuation Aircraft Engines 
for Commuter Transport Applicetiona," SAE 
paper No. 620716, May 1962. 

15. D. 8. Hague ^*CA8P-Generel Aviation 
Synthes i a Program > Volumea l-9,“ Atrophy tic a 
Research Corp., Sellevue, WA. , January 1976. 
(NASA CR-152103.) 

16. N. Stoten* “Design Features of a New 
Conaeuter Turboprop Engine," SAE paper No. 
620717, May 1982. 

17. A. Brooka and R. Hirachkron, “A 
Review of Coimuter Propulsion Technology, SAE 
paper No. 820716, Hay 1962. 

16. J. E. Harpar and J. N. Hoopes “TPE 
331-14/15 Design and Development,** SAE Paper 
No. 820715, May 1982. 

19. J. G. Russell, **Hodern Propellers for 
(k>mmuter Airlinea," SAE paper No. 620719, Hay 
1982. 

20. R. G. Daigneault and D. C. Hall, 
'’Advanced Propeller Technology for New Com- 
muter Aircraft,** SAE paper No. 820720, May 
1982. 



TABLE I - STUDY GROUfORUlXS 


• 600 N.H. DESIGN RANGE (PLUS IFR RESERVES FOR 100 N.H. ALTERNATE 
AND RS MIN. HOLD) 

• ROOD FT. FIELD LENGTH ON 90®F DAY AT SEA LEVEL 

t 250 KNOT NINIIRJH IAS FROM 6000 THR(H)6H 10000 FEET 

• 180 KNOT mNinun ias with gear and flaps extended 

• 93 KNOT NAXIWH STALL SPEED IN LANDING CONFIG. AND WEIGHT 

• FAR 36 STAGE 3 MINUS 8 EPNdB NOISE LIMITS 

• 85 dB OASPL MAX. CABIN INTERIOR NOISE 

• TECHNOLOGY MERIT CRITERION! DOC AT 100 N.M. STAGE LEPK5TH 
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Figure 1. - Commuter aircraft powerplant status. Mach 0. 45; 15 000 ft cruise; turboprop engines. 




HgureZ. - Typical airplane DOC conposition. 
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• SPLIT ENERGY INPUT INTO 
TWO REGIONS TO ELIMINA.t 
GEOMETRY CONSTRAINT 


• CONTROL CONTOUR PASSAGES 
TO DESWIRL FLOW I FORM 
RADIAL TO AXIAL TURN 

• USE WALL BLEED AT THROAT 
TO REMOVE BOUNDARY LAYER 


FNARLFMFNT ACCURATE 3-D VISCOUS FLOW ANALYSES t EXPERIMENTAL DATA BASE 
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(♦ IX OVERALL LFFiCIFNCY) 

Figure 3. - Compressor aerodynamirs technology. 
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Figure 4. - Increased compressor efficiency >‘ia reduced surge margin. Requires 
closed loop engine acceleration control using digital electronics and compressor 
exit mach number sensor. 


TUBBIHE 

• ACTIVE CtEARANCE CONTROL 

• TIR TREATHRNT 

t INTEGRALLY CAST LPT 

• HVIRID ROTORS 

• ADV. COOLING 

• COMPOSITE SHAFTING 


HAm I F ACCESORIES 

• COMPOSITE MATERIALS • DIGITAL ELECTRONIC CONTROL 

• CLOSED-LOOP ACCELERATION 
'* • ENGINE CONDITION MONITORING 


FIgurt 5. - Composit* summary of advanced turboprop tachnologiai 



COMPRESSOR PRESSURE RATIO 

Figure 6, - Advanced commuter engine cycle selection. 100 n ml f)OC; 11, 50/gal 
fuel; 30 passenger; Mach 0.45; 1500-shp engine. 
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Figure 7. - Advanced engine configurations/cycles. 
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Figures. - Advanced technology turboprop engine. GE design scaled to 1620 takeoff shp. 
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Figure 9. - Commutar turboprop afficlarcy lavels, Mach 0. 4$; 15 000 ft 
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Figure 10, - Maintenance cost reduction. 100 n ml stage length. 
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Figure IS. - Small angina tachnology status. 
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Figure 16. ~ Barrier and ow5ortun!tles for greater efficiency. Small turbine engines. 
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Figure 17. - Small turbine engine technologies. 
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Figure - Small gas turbine engine opportunities. ISOO-shp class. 
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CRUISE SHAFT HORSEPOWER 

Figure 22. - Efficiency of advanced small aircraft engine candidates. Mach Q. 45; 
13 000 ft; uninstalled. 
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Figure 23. Weight of advanced small aircraft engine candidates. Mach 
0.45; 13 000ft; uninstalled gearbox Included. 
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Figure 24. - Coimnutor aircraft propulsion opportunities. 30 passengors; mach a 4!^; 
13 000ft;'lS(»-shpSLSS. 
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Figure 25. - Unconventional engine advantage is In small sizes. Mach (X 45j 15 000 ft; 
commuter aircraft. 
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BASIC RFSEARCH TO GAIN KNOWLEDGE AND IMPROVE COMPONENT PERFORMANCE; 
PURSUIT OF ADVANCED CONCEPTS. 

(a) COMPUTATIONAL MODELING. (bl EXPERIMENTAL RIG TESTING. 

Figure 26. - LeRC small turbine propulsion current generic research. 
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Figure 27. - Small turbine engine technology. 





